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The fungus Fusarium guttiforme (Syn. F. subglutinans f. sp. ananas) is responsible for fusariosis, one of the
main phytosanitary threats to pineapple (Ananas comosus var. comosus). A structural study comparing
epidermal differences in pineapple cultivars resistant and susceptible to fusariosis was performed,
relating properties of the epidermis to known susceptibility to the disease. The basal, non-chlorophylled,
portions of mature leaves of pineapple plants were analyzed by light and electron microscopy. All
cultivars showed common morpho-anatomic aspects characteristic of Bromeliaceae, such as scutiform
scales and unstratiﬁed epidermis. However, cultivar Vitoria (resistant) had less scales than cultivars
Smooth Cayenne (susceptible, intermediate severity) and Perola (susceptible, with extreme severity of
fusariosis symptoms). Inoculation of conidia suspension (105 conidia ml1) of the fungus F. guttiforme to
leaves and harvesting 24 h later yielded numbers of viable colonies related to the density of leaf scales.
This suggests that scales can act as havens for fungal conidia and favour the epiphytic stage of the fungus
on pineapple plants, and are involved in the interaction of plant and pathogen. A reduction in scale
numbers was related to lower infection levels and is relevant to the future breeding programme for
development of new pineapple cultivars resistant to fusariosis and their involvement in integrated
control strategies.
 2010 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Pineapple (Ananas comosus var. comosus) is the most important
representative of the Bromeliaceae and is cultivated throughout
tropical and subtropical regions worldwide for local consumption
and international export (Ventura et al., 2009). Brazil is the major
producer of pineapple, although affected by disease problems, the
most important of which is fusariosis, caused by the fungus
Fusarium guttiforme Nirenberg and O’Donnell (Syn.: F. subglutinans
f. sp. ananas) (Ventura and Zambolim, 2002).
One strategy in the control of fusariosis has been use of resistant
cultivars such as ‘Vitoria’ which is resistant to fusariosis. Fruit
quality and agronomic characteristics are better than or equal to the
traditional cvs. Perola and Smooth Cayenne (Ventura et al., 2009).
However, these resistant cultivars were developed from an agro-
nomic/phytopathological perspective, and the mechanism of
resistance has yet to be determined.x: þ55 27 3335 7275.
de F.V. Aquije).
evier OA license.Histological study of the hostepathogen interaction allows
understanding of the infection processes, thus enlightening events
of the epiphytic, pre-penetration and pathogen colonization stages.
This is helpful in evidencing possible structural properties which
favour fusariosis development.
Various fungal structures have specialized functions in the
infection process. Conidia, germ-tubes, primary hyphae, appres-
soria and infection vesicles all interact with the host in processes
such as adhesion, signalling and host/pathogen recognition (Perfect
et al., 2001). The adhesion of pathogens to a plant surface repre-
sents the ﬁrst stage of the physical connection between the parasite
and the plant, and has been considered decisive and essential for
the progress of the disease (Struck and Mendgen, 1998; Leite et al.,
2001; Tucker and Talbot, 2001). Understanding the adhesion
process may open the doors for the control of pineapple fusariosis
(Leite et al., 2001).
This work aimed to describe the epidermis and scale structure of
three pineapple cultivars, one resistant and two susceptible to
fusariosis, and the possible implications of scale organization on
the epiphytic stage of the fungus.
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Pineapple cultivars Vitoria (resistant), Smooth Cayenne
(susceptible, intermediate severity) and Perola (susceptible,
extreme severity) were obtained from Sooretama Research Exper-
imental Station of Incaper (Instituto Capixaba de Pesquisa, Assis-
tência Técnica e Extensão Rural) and maintained in greenhouses
until 4e6 month old. The basal, non-chlorophylled portion, of
mature leaves (D stage) was used for all tests.
Samples (1 cm2) were excised from the leaf and ﬁxed in 2.5%
glutaraldehyde and 4% (v/v) paraformaldehyde in 10 mM cacody-
late buffer (pH 7.4) at 4 C overnight before preparation for either
light or electron microscopy. Samples for light microscopy were
rinsed in the same buffer for 10 min, before dehydration in a graded
acetone series and embedding in Spurr’s low viscosity resin.
Transverse sections were obtained with an ultramicrotome
(Reichert ultracut, Bio-Imaging) and stainedwith Toluidine Blue (pH
4.0). Microscopic observation was performed with a light micro-
scope (Leica Microsystems, Wetzlar, Germany). Photographic
documentation and analysis were carried out using a digital cameraFig. 1. Epidermis and scales on the upper surface of pineapple leaves: (AeD) scanning elect
scale, symmetrical, with portion surrounded by cell network; (CeD) adult scale, asymmetr
cultivar, overlapping scales; (E) scale with a central portion in epidermis (the arrows show(Moticam-2000) and Motic Images Plus software (Motic China
Group Co., Xiamen, China).
For electron microscopy the samples were then post-ﬁxed in
osmium tetroxide (10 g l1) for 1 h at 25 C, and dehydrated in
a graded series of acetone. The sample were critical-point dried
in CO2, mounted on aluminium stubs, sputter coated with 20 nm
gold, and examined using a Shimadzu SSX 550 scanning electron
microscopy operating at 12 kV.
To determine the distribution of scales, moulds were obtained
from adaxial leaf surfaces using colourless nail varnish. The number
and organization of scales, identiﬁed by insertion point, were
determined for an area of 1 mm2 for each mould by light micros-
copy. Scale size was determined by scanning electron microscopy.
To test the hypothesis that scales were a haven for Fusarium,
leaves were inoculated with conidia. Detached leaves were dis-
infected with 1.5% hypochlorite and rinsed with distilled water.
Leaves were inoculated at about 2 cm from the leaf base, within the
non-chlorophylled potion, with 100 ml of the fungal suspension
(105 conidiaml1) of F. guttiforme (E-203; NRRL25624). Fungus was
derived from single conidia from the INCAPER Plant Pathologyron microscopy; (EeF) light microscopy. (A) Unstratiﬁed epidermis (arrow); (B) young
ic, with complete development; (C) resistant cultivar, separated scales (D) susceptible
the structures) and (F) scales housing hyphae (arrow).
Table 1
Number of scales and colony forming unit (CFU) of Fusarium guttiforme on non-
chlorophylled portion of pineapples leaves of different cultivars.
Cultivars Scales on leaves (N/mm2)* CFU/cm2*
Non-chlorophylled Chlorophylled
Vitoria 10 3a 18 2a 9.2 102 a
S. Cayenne 14 1b 17 2a 4.0 103 b
Perola 22 4c 19 2a 6.6 104 c
* Means followed by same letters within a column do not differ signiﬁcantly by
the Tukey ranking test (P< 0.05).
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sterile distilled water were used as control. A paradermic section of
1 cm2 was obtained from the abaxial face 24 h post-inoculation
(hpi). These portions were cut and suspended in saline (0.9%),
vortexed, diluted in saline and plated on potato dextrose agar
(PDA e Oxoid Unipath Ltda, Basingstoke, Hampshire, UK) to
determine the number of colony forming units (CFU/cm2) of
F. guttiforme. To conﬁrm the identity of the colonies, slides were
prepared from representative colonies, stained with lactophe-
nolecotton blue (0.1%) and observed under light microscopy.
To observe surface germination of conidia, leaves were dis-
infected and rinsed as above. The leaf surface was injured by use of
a histological pin and immediately inoculated with conidia
(105 conidiaml1). After 24 hpi, leaf samples were free-hand cut in
transverse sections and the sections were stained for 1e2 min.,
using lactophenolecotton blue (0.1%) for analyses of fungal hyphae
in the scales.
Statistical analysis was performed using completely randomized
blocks with 5 repetitions. Each repetition was the means of
3 different leaves. Means were compared using Tukey’s tests with
signiﬁcance set at P< 0.05.3. Results and discussion
Previous observation under ﬁeld conditions showed absence of
any fusariosis symptoms on cv. Vitoria, whilst the cv. Smooth
Cayenne presented intermediate severity of the disease and cv.
Perola extreme severity of fusariosis symptoms (Ventura and
Zambolim, 2002).
The anatomy of the pineapple leaf has already been described
for ‘Smooth Cayenne’ by Krauss (1949). Our observations of the
cultivars Vitoria and Perola found identical structures in each case.
Scales were found on the surface of the unstratiﬁed epidermis of
the hypostomatic leaf (Fig. 1A). Scales are peltate formed by a stalk
inserted in the epidermis with a disk form head of shield-like
(scutiform) structure (Fig. 1BeE). In frontal view the young scales
present a group of central isodiametic cells, surrounded by a series
of elongated cells. All these aggregated cells form a symmetrical
shield (Fig. 1B). In mature scales, cells in the central region become
less evident, the shield increases in size and becomes more asym-
metric (405 mm of length 72), with a region formed of elongated
cells (Fig. 1C and D).
On the other hand, differences in the number and organization
of the scales were observed between the cultivars (Fig. 2). In the
non-chlorophylled section, where infection occurs (Ventura, 1994),
cv. Vitoria presented less scales, showing a sparser organization on
the leave surface (Table 1 and Fig. 2A) than comparable areas in the
susceptible cv. Perola (Table 1 and Fig. 2C), where scales overlap
each other, often giving a glaucous aspect to leaves. CultivarFig. 2. Moulds obtained from pineapple leaves using colourless nail varnish shows distributi
(A) Cv. Vitoria, (B) cv. Smooth Cayenne and (C) cv. Perola. Bar¼ 200 mm.Smooth Cayenne, which displays intermediate severity of fusariosis
symptoms, possessed an intermediate number of scales with
a relatively sparse organization on the leaf surface (Table 1 and
Fig. 2B). The chlorophylled region, where infection does not occur
(Ventura, 1994), presented the same number and distribution of
scales in all cultivar (Table 1). These results suggest that the number
of scales can be related to fusariosis establishment.
Numbers of isolates of F. guttiforme following disinfection of the
leaf and conidial inoculation were also related to the scale density
of the cultivar. Compared to cv. Perola, only 1.4% and 6.1% of the
number of colonies were obtained from cv. Vitoria, and cv. Smooth
Cayenne, respectively (Table 1). Identity of the colonies was
conﬁrmed by microscopic identiﬁcation of representative samples,
and no colonies were obtained from control leaves inoculated with
water.
Morphological characteristic of the pineapple leaf is that it can
function as havens for fungal conidia, and it has been suggested
that this could be correlated with epiphytic survival and infection
levels (Dianese, 1981).
One of the main reasons for the success of fungal pathogens is
their ability to locate and perceive appropriate host surfaces and
then to deploy specialized infection structures (Tucker and Talbot,
2001). Successful colonization of the host depends on an efﬁcient
mode of infection. The epiphytical phase of leaf pathogens is critical
due to unfavorable environmental conditions which could disturb
the development of the fungal structures (Struck and Mendgen,
1998). So, the role of the epiphytic stage of the fungus in infec-
tion should be an important area of investigation in studies on
pineapple.
In Bromeliaceae, the peltate scales act as water and nutrient
reservoirs (Krauss, 1949; Souza et al., 2005). This situation may aid
fungal adhesion by providing a humid nutrient rich favourable to
germination and penetration. Fusarium spores can be easily
dispersed by air currents, and once having landed in the scales,
such an opportunistic fungus can germinate and begin the process
of infection (Ventura and Zambolim, 2002). The susceptibility of
pineapples is linked to unfavorable environmental conditions such
as a temperature of 30 C and high humidity.on and insertion point of scales on upper surface of pineapple leaves. Light microscopy.
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infection and to establish the disease (Leite et al., 2001; Tucker and
Talbot, 2001). F. guttiforme is unable to penetrate directly to pine-
apple leaves (Ventura, 1994; Ventura and Zambolim, 2002) and
must establish itself on the leaf surface awaiting an opportunity
offered by injury. Adhesion during the epiphytic stage is necessary
not only for spore germination, but also establishment of
a successful parasitic interaction (Lu et al., 2004). The higher the
inoculum concentration andmore durable leaf wetness, the greater
the fungal sporulation and damage (Guyot et al., 2005). Plant scales
are related to the fungal adhesion mechanism, favouring conidial
and hyphal adhesion, so are involved in the plantepathogen
interaction process. It was observed that scales acted as focal points
for adhesion of conidia and hyphae and bases for further growth
(Fig. 1E).
These results indicate that scales can function as a natural spore
trap, favouring the epiphytic stage and establishment of infection.
This suggests that the differences in fusariosis infection of cv.
Vitoria and other pineapple cultivars are in part due to more hostile
environment in the pre-penetration (epiphytic) stage, and that
scales can be considered a potential factor in the incidence of
disease, in that scales may be associated with providing humidity
and nutrients for spore germination following injury. In summary,
consideration of scale number and density can provide important
information on the ecology of the pathogen and disease epidemi-
ology and integrate into control strategies.
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